In plant cells the conventional route to the vacuole involves the endoplasmic reticulum, 12 the Golgi and the prevacuolar compartment. However, over the years, unconventional sorting to 13 the vacuole, bypassing the Golgi, has been described, which is the case of the Plant Specific Insert 14 (PSI) of the aspartic proteinase cardosin A. Interestingly, this Golgi-bypass ability is not a 15 characteristic shared by all PSIs, since two related PSIs showed to have different sensitivity to ER-16 to-Golgi blockage. Given the high sequence similarity between the PSIs domains, we sought to 17 depict the differences in terms of post-translational modifications. In fact, one feature that draws 18 our attention is that one is N-glycosylated and the other one is not. Using site-directed mutagenesis 19 to obtain mutated versions of the two PSIs, with and without the glycosylation motif, we observed 20 that altering the glycosylation pattern interferes with the trafficking of the protein as the non-21 glycosylated PSI-B, unlike its native glycosylated form, is able to bypass ER-to-Golgi blockage and 22 accumulate in the vacuole. This is also true when the PSI domain is analyzed in the context of the 23 full-length cardosin. Regardless of opening exciting research gaps, the results obtained so far need 24 a more comprehensive study of the mechanisms behind this unconventional direct sorting to the 25 vacuole.
157
Next, we analyzed the expression of PSI-A S86N and PSI-B N82S mutants by confocal microscopy 158 together with ER and Golgi markers. Three days after tobacco cells transformation glycosylated PSI-
159
A::mCherry and non-glycosylated PSI-B::mCherry fusions were mostly observed in the vacuole 160 ( Figure 2D ). However, a closer look discloses some protein still in the ER possibly still in transit to 161 the vacuole. In the same way to what was done for the native form of PSIs, SarI H74L dominant negative 162 mutant was used to block the ER-to-Golgi trafficking ( Figure 2E Figure 1A ).
181
Knowing that the carboxy termini-mediated vacuolar trafficking is dominant over PSI-mediated 182 trafficking in cardosin A [8] , and since we were primarily interested in observing PSI-mediated 183 trafficking dynamics, we began this work by removing the ctVSD from all tested chimaeras (Figure
184
3A). Upon removal of the C-terminal peptides the vacuolar accumulation pattern remained 185 observable for all tested fluorescent fusion proteins, indicating that both PSI domains are sufficient 186 for directing either of these aspartic proteases to the lytic vacuole, and further confirming the 187 exchangeability of these domains between aspartic proteinase molecules Figure 3B ).
188
In order to further dissect the specific pathways each of these constructs followed towards the 189 vacuole, we expressed each one of them in cells undergoing blockage at specific points of the Co-expression of this protein with the dominant negative mutant SarI H74L , or the small GTPase 208 RabD2a N121I (not shown), resulted in an ER accumulation pattern ( Figure 3C ), suggesting that this 209 construct must pass through the Golgi before reaching the vacuole. These observations allow us to 210 conclude that (i) PSI-B domain retains its functionality as a VSD in the heterologous proteins tested,
211
and that (ii) it directs aspartic proteases to the vacuole through a Golgi dependent pathway, whether 
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[29] ( Figure 4B ). The results were compared to those obtained for PSI-A::mCherry, which is known 226 to bypass the Golgi in its sorting towards the lytic vacuole and thus not affected by post-Golgi 227 blockage events. As positive control, we used the previously described RabF2b-sensitive cardosin A . Given our work on cardosins PSIs we became interested in these proteins given 257 their potential as vacuolar sorting determinants and because they share the same glycosylation 258 pattern as cardosins PSIs: PSI-1 is glycosylated, while PSI-2 is not ( Figure 5A -red box) . We isolated 259 the two Soybean PSIs and cloned them in frame with the chitinase signal peptide and mCherry 260 ( Figure 5B) , in a similar manner as the cardosins PSIs were designed. The first step to analyze and 261 compare the behavior of the soy PSIs was to do a Western blot and Endo-H experiment to see if they 262 behaved as the cardosins' PSI domains. Two characteristics immediately stood out in the blot: the 263 PSI-2 was expressed at lower levels than PSI-1 (equal loadings were used) and there were no 264 migration differences between the two PSIs as was observed for PSI-B ( Figure 5C ). Regarding 265 glycosylation status, for PSI1 a shift could be observed upon treatment with Endo H, consistent with 266 the presence of high-mannose glycans. The result obtained contrasts with the one observed for PSI-
267
B, whose glycans are of the complex type ( Figure 2C ). In this case, either the glycosylation sites are 268 not accessible to Golgi-modifying enzymes, the protein leaves the Golgi in a very early step before
269
Golgi enzymes are able to modify the glycans, or the protein bypasses the Golgi.
270
Next, we proceeded to evaluate the sorting ability and trafficking pathway of SP::PSI-1::mCh 
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Cardosins are well characterized aspartic proteinases extracted from the vascular plant Cynara 296 cardunculus [32, 33] . Two different, yet related, proteinases were isolated -cardosins A and B -and 297 they have been extensively studied over the years both in the native and heterologous systems [8, 12, 298 34, 35, 36, 37] . Each of these enzymes is synthesized as a precursor and undergoes different cleavages 299 along the endomembrane system in order to acquire its mature form, composed of a heavy and light 300 chains. One domain that is cleaved out during this process is an insert of 100 amino acids termed the 301 Plant Specific Insert (PSI). The relevance of this domain for the aspartic proteinase function has been 302 widely discussed mostly because it is only present in some aspartic proteinases [38, 39] . Several roles 303 have been attributed to this particular domain namely given its ability to interact with lipid 304 membranes and its putative antimicrobial activity. A number of studies depict these possibilities 305 using PSIs isolated from different plants and it has been proven that this domain can modulate the 306 behavior of model membranes [40] and is also able to induce membrane permeabilization and thus 307 release vesicle contents [14] . This ability is closely related to its antimicrobial activity: a study with 308 Solanum tuberosum aspartic proteinase PSI showed that it enhances Arabidopsis thaliana resistance 309
against Botrytis cinerea infection [20] and another report using the same PSI showed that it is cytotoxic 310 against Gram-negative and Gram-positive bacteria [17] .
311
This report focuses on another ability of the PSI that is the sorting of proteins to the vacuole, a 312 characteristic that could in fact be related to the functions mentioned above. Therefore,
313
understanding the mechanisms of PSI-mediated sorting and trafficking inside the cell might as well 314 help elucidate some of its other functions.
316

A role for PSIs in vacuolar sorting
317
The majority of aspartic proteinases containing a PSI domain accumulate in the vacuole and the 318 role of the PSI in vacuolar sorting has long been discussed and was effectively tested in different 319 studies using cardosins and soybean aspartic proteinases [8, 19, 21] . The study of the vacuolar sorting 320 capability of the PSI in the case of cardosins is challenged by the presence of the C-terminal VSD also 321 present in the precursor form of the enzyme. In the report by Pereira et al (2013) 
